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CLUTCH SYSTEMAND METHODS 

TECHNICAL FIELD 

This document relates to a rotational control apparatus, 
Such as a clutch apparatus to control the rotation of a fan 
device in a vehicle. 

BACKGROUND 

Vehicle transmission systems, cooling systems, and brak 
ing systems may employ clutches or like devices to selec 
tively transmit rotational forces from a drive source to an 
output member. For example, some cooling systems employ 
fan clutches that control the output rotation of engine cooling 
fans. Such a fan clutch can be driven by a drive pulley that 
rotates in response to the vehicle engine. 

In general, the clutch can be operated to engage (or disen 
gage) opposing clutch Surfaces, which rotationally intercon 
nect (or rotationally disconnect) the drive pulley and the 
output member. In an example related to fan clutches, when 
the clutch is shifted to the engaged position, friction Surfaces 
engage and the output member (carrying fan blades) is driven 
to rotate along with the drive pulley. Over time, the friction 
Surface can become worn, requiring replacement. 

In some cases, the fan clutch in a vehicle can become 
inoperable due to wearing of the friction surfaces. For 
example, in some conventional fan clutch devices, a friction 
clutch ring is unable to engage an opposing friction Surface 
when the friction clutch ring is worn below a threshold thick 
ness. Accordingly, the fan clutch device is unable to force 
engagement of the friction Surfaces and the fan blades are not 
driven to rotate (e.g., no cooling airflow is provided). Due to 
the lack of cooling airflow, the vehicle's engine may overheat 
or otherwise become highly inefficient. 

These conventional fan clutch devices are typically Sup 
plied with a set of “come home bolts for separate storage by 
the vehicle operator (e.g., placement in the vehicle cabin for 
use at a much later time. Thus, after a period of years when the 
friction ring of the fan clutch device is worn down below a 
threshold level so that the friction surfaces are no longer able 
to engage, the vehicle operator must attempt to locate the 
“come home' bolts that were stored years earlier. If the “come 
home' bolts are located, the vehicle operator must then 
attempt to install the bolts to the fan clutch device in the 
engine compartment. In general, the "come home' bolts are 
installed onto the outer periphery of the clutch device so as to 
temporarily bolt the output member to the input member, 
thereby causing permanent rotation of the fan blades until the 
vehicle can be driven to a repair facility. For vehicles such as 
large semi trucks or buses, the installation of the “come 
home' bolts may occur on the side of the road if the fan clutch 
fails during a long journey. 

SUMMARY 

Some embodiments of a clutch system or method include a 
fan clutch device having a clutch shut-off system permits a 
cooling fan to continue to provide airflow even when the 
friction ring is worn downto a level that requires replacement. 
Moreover, the clutch shut-off system can automatically oper 
ate (e.g., without any user intervention or external controls) to 
prevent disengagement at the friction Surfaces between the 
input portion and the output portion of the clutch device. For 
example, the fan clutch device can be equipped with an inter 
nal mechanical shut-off system that is self-activated, in 
response to the friction ring wearing down below a selected 
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2 
level, to prevent movement of the friction ring from the 
engaged position to the disengaged position. 

Particular embodiments described herein include a fan 
clutch device to be removably mounted to a drive pulley. The 
fan clutch device may include an input portion that rotates 
with a drive pulley when the fan clutch device is mounted to 
the drive pulley. The device may also include an output por 
tion for receiving a fan blade device and having afriction ring 
that reciprocates in an axial direction relative to the input 
portion between an engaged position and a disengaged posi 
tion. When in the engaged position, the friction ring may 
frictionally engage with an opposing Surface of the input 
portion to drive the output portion to rotate with the input 
portion. When in the disengaged position, the friction ring 
may be spaced apart from the opposing Surface of the input 
portion. The device may further comprise a self-activating, 
clutch shut-off system that causes continuous friction 
engagement between the friction ring and the opposing Sur 
face of the input portion in response to the friction ring wear 
ing down below a threshold thickness. 

In some embodiments, a fan clutch system may include a 
drive pulley that rotates about a rotational axis, and a clutch 
device removably mounted to the drive pulley. The clutch 
device may include an input portion that rotates with a drive 
pulley. Also, the clutch device may include an output portion 
having a friction ring that reciprocates in an axial direction 
relative to the input portion between an engaged position in 
which the friction ring frictionally engages with an opposing 
surface of the input portion to drive the output portion to 
rotate with the input portion and a disengaged position in 
which the friction ring is spaced apart from the opposing 
surface of the input portion. The clutch device may further 
include an internal mechanical shut-off system that is housed 
in the output portion. The internal mechanical shut-off system 
may be automatically activated, in response to the friction 
ring wearing down below a selected level, to prevent move 
ment of the friction ring from the engaged position to the 
disengaged position. The system may also include a fan blade 
device mounted to the output portion of the clutch device so as 
to rotate when the friction ring is in the engaged position. 
A number of embodiments described herein include a 

method of operating a fan clutch device that is removably 
mounted to a drive pulley. The method may include rotating 
an input portion of a fan clutch device with a drive pulley. The 
method may also include reciprocating a friction ring of an 
output portion of the fan clutch device in an axial direction 
between an engaged position and a disengaged position. 
When the friction ring is in the engaged position, the friction 
ring frictionally may engage with an opposing Surface of the 
input portion to drive the output portion to rotate with the 
input portion. When the friction ring is in the disengaged 
position, the friction ring may be spaced apart from the 
opposing Surface of the input portion. The method may fur 
ther include, in response to the friction ring wearing down 
below a threshold thickness, automatically shutting off the 
fan clutch device without user intervention while the friction 
ring is in the engaged position Such that friction ring is hin 
dered from moving to the disengaged position. 

In one aspect, the step of automatically shutting off the fan 
clutch device may include causing an internal mechanical 
shut-off system to self-activate in response to the friction ring 
wearing down below the threshold thickness. The internal 
mechanical shut-off system may be housed within the output 
portion of the fan clutch device and may cause continuous 
friction engagement between the friction ring and the oppos 
ing Surface of the input portion in response to the friction ring 
wearing down below the threshold thickness. 
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Some or all of the embodiments described herein may 
provide one or more of the following benefits. First, some 
embodiments of a clutch device can include clutch shut-off 
system that causes a cooling fan to provide continuous airflow 
even when a friction ring of the clutch device is worn down 
below a threshold thickness level and requires replacement. 
As such, the output portion of the clutch device (and the fan 
blade device attached thereto) will continuously rotate with 
the input portion of the clutch device even after the friction 
ring is worn down and needs replacement, thereby providing 
cooling airflow to the vehicle engine without the need for 
“come home' bolts or other user intervention on the clutch 
device. Because the clutch shut-off system causes the clutch 
device to default to a permanent engaged position when the 
friction ring incurs a predetermined amount of wear, the 
vehicle engine will not be subjected to a loss of cooling 
airflow during a journey and the vehicle operator will not be 
forced to intervene or service the clutch device (e.g., on the 
side of the road) before driving to a service station. 

Second, some embodiments of the clutch shut-off system 
can operate as a self-activated mechanical system that, with 
out any user intervention or external controls, forces the fric 
tion ring to remain in a frictionally engaged condition. In 
addition, the clutch shut-off system can be housed within the 
clutch device, such as within the output portion of the clutch 
device, without increasing the radial size of the clutch device. 

Third, some embodiments of the clutch device can provide 
Substantial torque transfer capabilities in a relatively compact 
assembly. For example, some embodiments of the clutch 
device may provide torque ratings in the range of approxi 
mately 3000 in-lbs to approximately 6000 in-lbs. 
The details of one or more embodiments of the invention 

are set forth in the accompanying drawings and the descrip 
tion below. Other features, objects, and advantages of the 
invention will be apparent from the description and drawings, 
and from the claims. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a perspective exploded view of a system including 
a fan clutch device, in accordance with some embodiments. 

FIG. 2A is a cross-sectional view of the system of FIG. 1, 
including the fan clutch device. 

FIGS. 2B-2C are cross-sectional views of portions of the 
fan clutch device of FIG. 2A. 

FIG. 3 is a cross-sectional view of the system of FIG. 2A, 
with an output portion shifted to a disengaged position. 

FIG. 4A is a cross-sectional view of the system of FIG. 1, 
including the fan clutch device having worn friction material, 
in accordance with some embodiments. 

FIGS. 4B-4C are cross-sectional views of portions of the 
fan clutch device of FIG. 4A. 

FIG. 5 is a cross-sectional view of the system of FIG. 4A 
with the output portion locked in an engaged position. 

Like reference symbols in the various drawings indicate 
like elements. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

Referring to FIGS. 1, 2A-2C, some embodiments of a 
clutch system 10 include a clutch device 100 that provides 
rotational output for a cooling fan device 20 having a number 
of fan blades. The clutch device 100 includes an input portion 
110 and an output portion 130 adjustable between an engaged 
position (FIG. 2) and a disengaged position (FIG. 3). In this 
embodiment, the clutch device 100 can include opposing 
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4 
clutch surfaces 114 and 134 configured such that, when the 
clutch device 100 is in an engaged position, the rotational 
motion of the input portion 110 (as driven by a drive member 
30 shown in FIG. 1) can be transmitted via the frictional 
interface between the opposing clutch surfaces 114 and 134 
so that the output portion 130 and the fan blade device 20 
mounted thereto are driven at a first speed. 

After extended use of the clutch device 100 (e.g., while the 
clutch device 100 is transitioned between the engaged and 
disengaged positions, and the like), the friction material can 
be worn from one or both of the clutch surfaces 114 and 134. 
For example, the friction material of a friction ring 132 that 
defines the clutch surface 134 may reduce in thickness after 
an extended period of use due to the repeated frictional 
engagements between the opposing Surfaces 114 and 134. In 
this embodiment, the clutch surface 114 is a frusto-conical 
clutch Surface that extends along an inner Surface of an input 
ring 112 and the corresponding clutch Surface 134 is a frusto 
conical clutch Surface located on the outer Surface of a 
replaceable friction ring 132. The input ring 112 and the 
friction ring 132 may comprise a metallic, ceramic, or other 
material that is capable of providing frictional engagement 
and is capable of dissipating heat generated at the frictional 
interface. In some embodiments, the replaceable friction ring 
132 comprises a friction material such that as the clutch 
device 100 is used, the friction ring 132 can wear at a greater 
rate than the input ring 112. 
As described in more detail below, the clutch device 100 

can include clutch shut-off system 150 that permits the fan 
blade device 20 to continue to provide airflow even when the 
friction ring 132 is worn down below a threshold level that 
requires replacement. In these embodiments, the clutch shut 
off system 150 can be self-activated, without any user inter 
vention or external controls, to prevent disengagement at the 
friction surfaces 114 and 134 between the input portion 110 
and the output portion 130 of the clutch device 100. For 
example, as described in more detail below in connection 
with FIGS. 4A-4C, the clutch shut-off system may operate as 
an internal mechanical shut-off system that is automatically 
activated, in response to the friction ring 132 wearing down 
below a selected level, to prevent movement of the friction 
ring 132 from the engaged position to the disengaged posi 
tion. As such, the output portion 130 (and the fan blade device 
20 attached thereto) will continuously rotate with the input 
portion 110 of the clutch device 100 even after the friction 
ring 132 is reduced to a thickness that requires ring replace 
ment, thereby providing cooling airflow to the vehicle engine 
without the need for “come home' bolts or other user inter 
vention on the clutch device 100. 

Thus, when the shut-off system 150 is activated (described 
in more detail below), the fan blade device 20 would continu 
ously rotate with the drive pulley 30, thereby providing cool 
ing airflow at all times and indicating to a vehicle operator that 
the clutch device 100 may require inspection and subsequent 
replacement of the friction ring 132. Since the clutch device 
100 defaults to a permanent engaged position when the fric 
tion ring 132 incurs a predetermined amount of wear, the 
vehicle engine will not be subjected to a loss of cooling 
airflow during a journey and the vehicle operator will not be 
forced to intervene or service the clutch device 100 (e.g., on 
the side of the road) before driving to a service station. Fur 
thermore, regular visual inspection of the friction Surfaces 
114 and 134 may be reduced or unnecessary, thus saving the 
vehicle operator money and reducing the amount of down 
time of the vehicle. 

Briefly, in operation, the clutch system 10 may include a 
drive member 30 (e.g., a drive pulley as shown in FIG. 1, a 
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drive shaft, or the like) that is rotated at a first speed due to 
connection with an engine output shaft via a belt, chain, gear, 
or the like. In some embodiments, the clutch system 10 
includes the input portion 110 that can be directly or indi 
rectly mounted to the drive pulley 30 so as to rotate at the first 
speed with the drive pulley 30. In the depicted embodiments, 
the input portion 110 includes the input ring 112 that is 
directly mounted to the drive pulley 30 via mounting bolts 32. 
The clutch system 10 also includes the output portion 130 
having at least one component that can be actuated to engage 
or disengage with the input portion 110. For example, the 
output portion 130 can include a piston 140 that reciprocates 
axially relative to a hub 160 (which remains axially stationary 
relative to the input portion 110) so as to shift the friction ring 
132 into engagement (FIG. 2A) or disengagement (FIG. 3, 
refer to a disengagement gap 102) with the opposing clutch 
ring 112 of the input portion 110. When the output portion 
130 is adjusted to shift the friction ring 132 to the engaged 
position (FIG. 2A), the output portion 130 is urged to rotate at 
the first speed with the input portion 110 and the drive pulley 
30. Note that the distance of the shift and the length of the 
disengagement gap 102 are exaggerated in the figures for 
purposes of illustration. 

Still referring to FIGS. 1, 2A-2C, in some embodiments, 
the clutch device 100 can include features (e.g., a coil spring 
170, a plurality of springs, or another biasing device) to bias 
the friction ring 132 to the engaged position and features (e.g., 
a fluid-receiving chamber 180 that can be filled with a pres 
Surized fluid) to urge the friction ring 132 to the disengaged 
position. For example, when the clutch device 100 is engaged, 
the spring 170 can urge the piston 140 to move in an axially 
rearward direction toward the pulley 30, thereby causing the 
friction ring 132 to frictionally engage the opposing ring 112 
at the interface of surfaces 114 and 134. Such frictional 
engagement of the clutch ring 112 causes the fan blade device 
20 (connected to the output portion 130) to rotate at substan 
tially the speed of the drive pulley 30. 

In some embodiments, rotation of the fan blade device 20 
can generate a flow of cooling air directed in an axial direc 
tion. For example, when the clutch device 100 drives the 
output portion 130 and the fan blade device 20 to rotate, the 
fan blades can create a cooling airflow directed generally 
axially toward the drive pulley 30 (FIG. 2A) and a vehicle 
engine radiator or cooling system. 

Referring now to FIGS. 1 and 2A, in some embodiments 
the drive pulley 30 is rotatably coupled to a support shaft 40 
by one or more bearings 37. A nut or collar device 42 is 
secured to the support shaft 40 and is abutted to the bearing 37 
so that the bearings 37 remain substantially fixed in the axial 
direction relative to the support shaft 40. The drive pulley 30 
receives a belt, chain, gear or the like in order to force the 
drive pulley 30 to rotate in a particular direction about an axis 
35. In this embodiment, the support shaft 40 is substantially 
stationary, and the drive pulley 30 includes a belt engagement 
surface 34. Rotational power from a vehicle motor or the like 
may be transmitted through a belt (not shown) to the belt 
engagement Surface 34, thereby urging the drive pulley 30 to 
rotate about the central axis 35 of the support shaft 40. 
A fluid supply input channel 50 extends into the support 

shaft 40 for connection to a fluid supply reservoir (not 
shown). A supply channel 52 extends from the fluid supply 
input 50, a portion of which extends in a substantially axial 
direction along the central axis 35. In this embodiment, the 
supply channel 52 extends through a cylindrical outlet 45, 
which has a mating end 47 to mate with a face seal 157 of the 
clutch device 100. As such, when the clutch device 100 is 
mounted to the drive pulley 30, the face seal 157 is pressed 
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6 
against the mating end 47 to form a mechanical seal. A fluid 
channel 182 extending axially through the face seal 157 is 
substantially axially aligned with the central axis 35. Accord 
ingly, the pressurized fluid may be transmitted from the fluid 
supply input 50, through the supply channel 52 and the fluid 
channel 182, and into the fluid-receiving chamber 180 of the 
clutch system 10. In some embodiments, the mating end 47. 
the face seal 157, or both may comprise metals, polymers, or 
composite materials that can Substantially maintain the 
mechanical seal therebetween while the clutch system 10 is 
selectively rotated relative to the support shaft 40. The fluid 
transmitted to the fluid-receiving chamber 180 of the clutch 
system 10 may be any Suitable liquid or gas, as described in 
more detail below. Such fluids may be received, for example, 
from a pneumatic air Supply system or a hydraulic oil Supply 
system. 

In some embodiments, the output portion 130 of the clutch 
system 10 includes the piston 140 and the hub 160. The piston 
140 includes a mounting plate 142, a first spline member 144, 
and a spring-engaging member 146, that are assembled 
together. Likewise, the hub 160 includes a spring-engaging 
plate 162 and a second spline member 164 that areassembled 
together. The piston 140 is movable in an axial direction 
relative to the hub 160 and is substantially stationary in a 
rotation direction relative to the hub 160. As such, the piston 
140 can move axially relative to the hub 160, but rotates at 
generally the same speed as the hub 160. In this embodiment, 
the motion of the piston 140 relative to the hub 160 is accom 
plished by way of a spline connection between the first spline 
member 144 and the second spline member 164. In other 
embodiments, the motion of the piston 140 relative to the hub 
160 may be accomplished using one or more bushings that 
permit relative axial movement and anti-rotation dowels that 
substantially prevent relative rotation between the piston 140 
and the hub 160. 

In some embodiments, the mounting plate 142 of the piston 
140 is configured to receive an output instrument (e.g., a fan 
blade device 20 depicted in FIG. 1 or another instrument to be 
selectively rotated). In particular, the mounting plate 142 may 
include studs 23 that are configured to receive the output 
instrument. As shown in FIG.1, the fanblade device 20 can be 
configured to fit over the output portion 130. The fan blade 
device 20 can include a plurality of fan blade structures 22 
that are arranged to generate air flow (e.g., as part of a vehi 
cle's engine cooling system). The fan blade structures 22 can 
be angled, tapered, curved, or otherwise configured to direct 
the output of air flow. In this embodiment, the fan blade 
device 20 includes mounting holes 24 that are configured to 
receive the studs 23 extending from the clutch system 10. In 
alternative embodiments, the output portion 130 of the clutch 
system 10 may be configured to receive an output instrument 
other than a fan blade device 20. For example, the mounting 
plate 142 may be configured to connect with other compo 
nents that are to be selectively rotated, such as output shafts, 
gears, brake systems, and the like. 

Referring now to FIGS. 2A-2C, as previously described, 
the mounting plate 142 can be assembled together with the 
first spline member 144 and the spring-engaging member 146 
to form the piston 140. The mounting plate 142 of the piston 
140 partially defines the fluid-receiving chamber 180 and has 
surfaces 151,152 that are acted upon by the pressurized fluid 
in the fluid-receiving chamber 180 so as to overcome the 
spring bias of the spring device 170. The mounting plate 142 
is fixedly coupled to the spring-engaging member 146, for 
example, by bolts 145 fastened into threaded cavities and 
slidably coupled to the spring engaging member 146. The first 
spline member 144 is fixedly coupled to the mounting plate 
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142, for example, by threads on an external surface of the first 
spline member 144 that are mated into a threaded cavity of the 
mounting plate 142. Accordingly, the piston components 142, 
144, and 146 can collectively move relative to the hub 160 
(e.g., shift axial positions relative to the hub 160 in this 
embodiment). 

Referring again to FIGS. 1 and 2A, the hub 160 includes 
the second spline member 164 assembled together with the 
spring-engaging plate 162. The second spline member 164 
can be fixedly coupled to the spring-engaging plate 162, for 
example, by threads on an external Surface of the second 
spline member 164 that are mated into a threaded cavity of the 
spring-engaging plate 162. The second spline member 164 at 
least partially defines the fluid channel 182 extending from 
the face seal 157 to the chamber 180. At least one bearing 114 
is disposed between the hub 160 (e.g., the second spline 
member 164) and the input ring 112. As previously described, 
the input ring 112 is secured to the drive pulley 30 and rotates 
along with the drive pulley 30. As such, the bearings 114 
permit the hub 160 (including the second spline member 164 
and the spring-engaging plate 162) to rotate relative of the 
input ring 112 and the drive pulley 30. In this embodiment, the 
bearings 114 are disposed along an outer circumferential 
surface 165 of the second spline member 164. The bearing 
114 may be secured to the second spline member 164 and the 
input ring 112 using any number of securing means, such as 
collar devices, locking nuts, locking rings, tongue and groove 
arrangements, or the like. In this embodiment, the bearings 
114 are secured to the hub 160 using a locking nut 116 so that 
the bearings 114 remain substantially stationary relative to 
the hub 160 in the axial direction. The bearings 114 are 
secured to the input ring 112 using a locking ring such that the 
bearings 114 remain substantially stationary relative to the 
input ring 112 in the axial direction. Therefore, in this 
embodiment, the hub 160 may rotate independently of the 
input ring 112 and drive pulley 30, but the hub 160 remains 
substantially stationary in the axial direction relative to the 
input ring 112 and drive pulley 30. 

In some embodiments, the spring 170 is arranged between 
the piston 140 and the hub 160 so as to bias the piston 140 
toward one of a first position and second position relative to 
the hub. In these embodiments, the spring 170 is a single, 
coiled spring that has an inner and outer diameter to fit 
securely between the spring-engaging plate 146 of the piston 
140 and the spring-engaging plate 162 of the hub 160. The 
spring 170 may be arranged coaxial with the central axis 35 of 
the clutch device 100. Using only a single spring may sim 
plify assembly and disassembly of the clutch system 10 dur 
ing manufacture or repair. Because only one spring 170 need 
be arranged between plates 146 and 162, less time is required 
to properly align the spring 170 during assembly. Alterna 
tively, other embodiments may use a more complex arrange 
ment having a greater number of Smaller springs that are 
positioned adjacent one another between plates 142 and 162. 

Referring now to FIGS. 2A-2C and 3, when the clutch 
device 100 is assembled, the spring 170 is compressed 
between a spring-engaging Surface 147 of the piston 140 and 
the spring engaging surface 161 of the hub 160. Such an 
arrangement urges the piston 140 in an axial direction toward 
the drive pulley 30. Thus, in this embodiment, the spring force 
applied by the spring 170 biases the piston 140 such that the 
engagement Surface 134 of the friction ring 132 is urged 
against the opposing engagement Surface 114 of the input ring 
112, which is mounted to the drive pulley 30 using the bolts 
32. Thus, as shown in FIG. 2, the friction ring 132 is biased by 
the spring device 170 to the engaged position. In particular, 
the friction ring 132 is mounted to the mounting plate 142 so 
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8 
that the engagement surface 134 of the friction ring 132 is 
adjacent to the engagement Surface 114 of the input ring 112. 
When the engagement Surface 114 presses against the oppos 
ing Surface 134, the output portion 130 frictionally engages 
the input portion 110, which is mounted to the drive pulley 30, 
and the output portion 130 thereby rotates at the first speed 
with the drive pulley 30. 

In some embodiments, the input ring 112 may comprise a 
metallic, ceramic, or other material that is capable of provid 
ing frictional engagement and is capable of dissipating heat 
generated at the frictional interface. For example, some 
embodiments of the input ring 112 may comprise a material 
having a static coefficient of friction in the range of approxi 
mately 0.2 to approximately 0.6 and, in particular embodi 
ments may comprise a material having a static coefficient of 
friction in the range of approximately 0.4 to approximately 
0.5. The input ring 112 can be arranged such that a portion is 
radially outward of the output portion 130 such that the input 
ring 112 can be secured to the pulley 30. In some embodi 
ments, the input ring 112 may include the frusto-conical 
engagement Surface 114, on the inner edge of the input ring 
112, which at least partially extends in a non-radial direction. 
In Such circumstances, the inner Surface of the input ring 112 
may have an increasingly larger outer diameteras the engage 
ment surface 114 extends away from the drive pulley 30. 
Furthermore, in this embodiment, the engagement Surface 
114 and the outer conical Surface of the spring-engaging 
member 146 may be generally parallel to one another so that 
the friction ring 132 has a generally uniform wall thickness. 
Thus, the radii of both the spring-engaging member 146 and 
the inner conical Surface of the input ring 112 may become 
increasingly larger as the input ring 112 extends away from 
the drive pulley 30. 

In some embodiments, the friction ring 132 is secured to 
the spring-engaging member 146, which rotates with the out 
put portion 130, and the friction ring 132 can be arranged 
radially inward of the opposing engagement Surface 114 of 
the input ring 112 that rotates with the input portion 110. 
Thus, the friction ring 132 may be positioned radially out 
ward of the output portion 130 and radially inward of the 
engagement Surface 114. The shape and orientation of the 
frusto-conical friction ring 132 and the complementary 
engagement Surface 114 may provide the clutch system 10 
with a conical wedging action. For example, when the clutch 
device 100 is in the engaged configuration (refer to FIG. 2A), 
the input ring 112 and opposing friction ring 132 may abut 
each other forming a frusto-conical frictional interface 
between the clutch Surfaces (e.g., the engagement Surface 114 
and the opposing Surface 134). This conical wedging action 
may improve the engagement friction, thereby providing an 
increase in the torque transfer capabilities. For example, some 
embodiments of the clutch device 100 (in which the friction 
ring 132 has a maximum outer radius of less than 12 inches, 
less than 10 inches, about 4 inches to about 8 inches, and 
preferably about 6.4 inches) may provide torque ratings of 
approximately 2700 in-lbs, 2800 in-lbs, 2900 in-lbs, 3000 
in-lbs, or more, and particular embodiments may provide 
torque ratings in the range of approximately 3000 in-lbs to 
approximately 6000 in-lbs. The substantial torque transfer 
capabilities may be caused by a number of factors, such as the 
coefficient of friction of the input ring 112, the conical angle 
of the input ring 112, the spring force applied by the spring 
170, and other factors that affect the torque rating of the clutch 
system 10. 

Referring more closely to FIG.3, the output portion 130 of 
the clutch system 10 may disengage the input portion 110 
when fluidis introduced into the chamber 180 under sufficient 
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pressure to axially shift the piston 140 relative to the hub 160. 
When the piston 140 shifts axially (e.g., an axial displacement 
distance 104), the engagement surface 134 is shifted away 
from the opposing Surface 114 (e.g., yielding the disengage 
ment gap 102). In this position, the output portion 130 (in 
cluding the piston 140 and hub 160 in this embodiment) is no 
longer driven to rotate at the first speed due to the direct 
friction engagement with the input portion 110. As previously 
described, fluid may enter the chamber 180 through the fluid 
channel 182, for example as represented by the arrows 183. In 
this embodiment, the fluid-receiving chamber 180 is at least 
partially defined by the space between the mounting plate 142 
of the piston 140 and the spring-engaging plate 162 of the hub 
160. Fluid pressure within the chamber 180 creates a force 
against the piston 140 (e.g., at the surfaces 151, 152 of the 
mounting plate 142 as represented by arrows 181) in opposi 
tion to the force bias of the spring 170. When a sufficient 
amount of fluid pressure has built up in the chamber 180, the 
force imparted by the fluid on the piston 140 is enough to 
overcome the bias of the spring 170, forcing the piston 140 in 
an axial direction away from the drive pulley 30. 
As shown in FIG.3, when the friction ring 132 of the output 

portion 130 is shifted away from the input ring 112 of the 
input portion 110, the gap 102 is created between the engage 
ment surface 114 of the input ring 112 and the friction surface 
134 of the opposing friction ring 132. It should be understood 
that the displacement distance 104 of the piston 140 and the 
length of the gap 102 depicted in FIG.3 may be exaggerated 
in the drawings for purposes of illustration. The gap 102 can 
be sufficient to eliminate contact between the input ring 112 
and the opposing friction ring 132. In Such circumstances, the 
output portion 130 (including the piston 140 and hub 160 in 
this embodiment) is no longer driven to rotate by direct 
engagement with the input portion 110. When the piston 140 
is shifted to the disengaged position depicted in FIG. 3, the 
output portion 130 (including the piston 140 and hub 160 in 
this embodiment) can rotate relative to the input portion 110 
and drive pulley 30 due to the bearing connection 114. 
Accordingly, the output portion 130 may rotate at a second, 
slower speed (e.g., a Zero speed in some circumstances) even 
though the drive pulley 30 continues to rotate at the first 
speed. 
As previously described, the gap 102 between the engage 

ment surface 114 and the opposing friction surface 134 is 
created when a fluid under sufficient pressure is received in 
the chamber 180. If force from the fluid pressure in the cham 
ber 180 is sufficient to overcome the force of the bias of the 
spring 170, the piston 140 is shifted in the axial direction 
away from the drive pulley 30. In some embodiments, the 
fluid pressure in the chamber 180 that is required to overcome 
the spring force may be approximately predetermined from 
the spring constant, the desired gap 102, the combined Surface 
area of the surfaces 151 and 152 accessible to the fluid, and 
other such factors. As previously described, the fluid supply 
input 50 (see FIG. 1) receives the fluid from the reservoir (not 
shown). The fluid passes through the fluid supply channel 52. 
through the face seals 47 and 157, through the fluid channel 
182, and into the chamber 180. 

Still referring to FIG. 3, the fluid in the chamber 180 may 
have a single possible leak path at the outer periphery 
between the mounting plate 142 and the spring engaging plate 
162. This leak path can be sealed using one or more ring seals 
163a that are disposed along the outer periphery of the leak 
path between the pressure-actuated member 144 and the 
spring engaging plate 162 at interfaces 165. The seals 163a 
are positioned as such to prevent fluid leakage through the 
leak path. An inner seal 163b can be arranged at the inner 
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10 
periphery between the spring engaging plate 162 and the 
second spline member 164. As previously described, the pis 
ton 140 remains rotationally stationary relative to the hub 160 
in this embodiment, so the seals 163a do not endure a relative 
rotational motion. The spring engagement plate 162 can be 
fixed relative to the second spline member 164, such that the 
seal 163b does not endure relative movement during opera 
tion. When the seals 163a and 163b are internal to the clutch 
device 100 and are limited to such minimal (or no) sliding 
motion, the possibility of contaminants entering the chamber 
180 through the seals 163a and 163b may be significantly 
reduced. Such a reduction in contamination may increase the 
longevity the clutch device 100 and may reduce the need for 
repair or replacement. 

Referring again to FIGS. 1-3, the piston 140 in this embodi 
ment serves as both the component that shifts to engage the 
input portion 110 (via the input ring 112) and the component 
that receives an output instrument (such as the fan blade 
device 20 depicted in FIG.1). The output instrument mounted 
to the studs 23 of the piston 140 may also be shifted in the 
axial direction as the piston 140 is actuated, but the displace 
ment in the axial direction may be relatively small such that 
this shifting motion has little or no impact on the output 
instrument. Similarly, the displacement in the axial direction 
may be relatively small such that the shifting motion of the 
piston 140 relative to the hub 160 has little or no impact on the 
longevity and performance of the seals 163a. 

In some embodiments, the clutch device 100 can be readily 
removed from the drive pulley 30 without requiring disassem 
bly of the input portion 100 from the output portion 130. For 
example, the clutch device 100 is mounted to the drive pulley 
30 by the mounting bolts 32. Upon removal of the bolts 32 
from the drive pulley 30, the and subsequent removal of the 
clutch device 100 from the drive pulley 30, the internal spring 
170 is not permitted to freely expand and thereby cause dis 
assembly of the clutch device 100 (e.g., the spring 170 is not 
permitted to unexpectedly expand and separate the piston 140 
and hub 160 when a user attempts to remove the clutch device 
100 from the drive pulley 30). Instead, the components of the 
clutch device 100, such as the input portion 110, the piston 
140, the hub 160, and the spring 170, remain in the assembled 
state during the process of removal from the drive pulley 30. 
To disassemble components of the clutch device 100 (e.g., 

for purposes of replacing the friction ring 132 or other 
repairs), the lock nut 116 can be removed from the second 
spline member 164. Once the lock nut 116 is removed, the 
bearings 114 and the input ring 112 can be removed. As 
previously described, the piston 140 includes the mounting 
plate 142 and the spring-engaging member 146 that are 
assembled together using the assembly bolts 145. To disas 
semble the piston 140 (e.g., separate the pressure actuated 
member 146 from the mounting plate 142), the bolts 145 can 
be removed. In this way, the clutch device 100 can be disas 
sembled at another time (e.g., after the clutch device 100 is 
transported to a work bench or other area). As described in 
more detail below, the clutch device 100 can include the 
shut-off system that causes the fan blade device 20 to con 
tinuously rotate with the input portion so as to indicate to a 
vehicle operator that the friction ring 132 has worn below a 
threshold thickness. In such embodiments, the need for rou 
tine disassembly of the clutch device merely for visual 
inspection of the clutch ring can be reduced or eliminated, 
thereby reducing the down-time in which the vehicle is not in 
use due to service. 

Referring now to FIGS. 4A-4C, after an extended period of 
use of the clutch device 100 (e.g., repeated transitions of the 
friction ring 132 between the disengaged and engaged posi 
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tions), one or both of the engagement Surfaces 114 and 134 
can wear causing the piston 140 to travel farther axially 
toward the pulley 30 before the surfaces 114 and 134 engage 
(identified by a wear displacement 106 in FIG. 4A). In par 
ticular embodiments, the engagement Surface 134 of the fric 
tion ring 132 will wear down such that the friction ring thick 
ness is reduced below a threshold thickness level, which 
indicates that replacement of the friction ring 132 is required. 
In one example, the friction ring 132 can comprise a material 
that wears at a rate greater than does the input ring 112. As 
such, the friction ring 132 may be replaced after a period of 
use when the friction ring thickness wears below a predeter 
mined level. The clutch device 100 can be configured to 
impart continuous friction engagement between the friction 
ring 132 and the opposing surface 114 of the input portion 110 
in response to the friction ring 132 wearing down below a 
threshold thickness. In particular embodiments, the clutch 
device 100 is operable to prevent movement of the friction 
ring 132 from the engaged position to the disengaged position 
in response to the friction ring 132 wearing down below the 
threshold thickness. 

For example, as seen in FIG. 4A-4C, as clutch material is 
worn from the friction ring 132, the piston 140 will travel 
farther axially in the direction of the pulley, before the 
engagement Surfaces 114 and 134 frictionally engage and 
cause the output portion 130 to rotate with the input portion 
110. After a selected amount of the material has worn away 
from the friction ring 132 resulting in the predetermined wear 
displacement 106, the thickness of the friction ring 132 then 
reaches a level below a predetermined threshold thickness. 
When the friction ring 132 is worn below the threshold thick 
ness, the clutch shut-off system 150 is self-activated, without 
any user intervention or external controls, to prevent disen 
gagement at the friction surfaces 114 and 134 between the 
input portion 110 and the output portion 130 of the clutch 
device 100. 

Referring to FIGS. 4A and 4C, in some embodiments of the 
clutch shut-off system 150 is entirely housed in the output 
portion 130 and comprises at least two elements. In this 
embodiment, the two components of the clutch shut-off sys 
tem 150 comprise a seal member 156 and the interior surface 
151 of the plate 142, which at least partially defines a fluid 
receiving space to receive the pressured fluid. The seal mem 
ber 156 can be arranged at an axial spacing from the interior 
surface 151 (refer to FIG. 2A) when the friction ring 132 has 
a thickness greater than the threshold thickness. The seal 
member 156 engages the interior surface 151 (refer to FIGS. 
4A and 4C) to form a fluid seal only when the friction ring 132 
is worn down below the threshold thickness. In the depicted 
example, an axial-facing portion of the seal member 156 
abuts with the interior surface 151 (which is an axial surface 
that opposes the seal member 156) when the friction ring 132 
is worn down below the threshold thickness. When the seal 
member 156 sealingly engages the interior surface 151, an 
exposed surface area of the fluid-receiving chamber 180 that 
is exposed to pressurized fluid is substantially reduced (e.g., 
only the circular area inside the diameter of the seal member 
151 rather than both surfaces 151 and 152). Such a reduction 
in the exposed surface area of the fluid-receiving chamber 
180 reduces the amount of force provided by the pressurized 
fluid, which in this embodiment prevents the fluid pressure 
force from overcoming the spring 170. Accordingly, the 
clutch shut-off system 150 prevents movement of the friction 
ring 132 to the disengaged position in response to the friction 
ring 132 wearing down below the threshold thickness, and 
does so without user intervention or external controls. 
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12 
Referring now to FIGS. 4C and 5, the seal member 156 of 

the clutch shut-off system 150 may be positioned in a groove 
on a front face of the second spline member 164. The seal 
member 156 can be configured such a portion of the seal 
member protrudes axially forward from the groove so as to 
engage with the interior surface when the piston 140 is 
required to travel the displacement distance 106 (after the 
friction ring 132 is worn below the threshold thickness). In 
this embodiment, the second spline member 164 and the plate 
142 of the piston portion 140 rotate together, so the seal 
member 156 is not exposed to relative rotational motion when 
it engages with the interior surface. When the seal member 
156 form a seal engagement with the interior surface 151, the 
fluid-receiving chamber 180 (see FIG. 2A) may not be in fluid 
communication with the fluid channel 182 and the fluid res 
ervoir (not shown). For example, an outer portion 184 of the 
fluid chamber 180 that is radially more distant from the cen 
tral axis 35 than the seal member 156 may be sealed from an 
inner portion 186 (see FIG. 3). In particular, the area of the 
plate 142 that is inside the diameter of the seal member 156 
can be exposed to the pressurized fluid, but the portion of the 
plate 142 (e.g., along the other interior surface 152) that is 
radially outward from the seal member 156 will not be 
exposed to the pressurized fluid. Thus, the amount of force 
provided by the pressurized fluid in the fluid-receiving space 
of the clutch device 100 is substantially reduced when the seal 
member 156 forms a seal against the interior surface 151, 
thereby preventing the force from the pressurized fluid from 
overcoming the bias force of the spring 170. In such circum 
stances, the friction ring 132 is continuously maintained in 
the engaged position both when the pressurized fluid is input 
into the clutch device 100 and when the pressurized fluid is 
withdrawn from the clutch device 100. In the configuration 
depicted in FIG. 4A-4C, the clutch device 100 can continue to 
operate the fan blade device 20 such that the fan blades 22 will 
continuously rotate with the input portion 110, providing a 
indication to the vehicle operator that the fan clutch device 
100 requires service (e.g., to replace the friction ring 132). 
As shown in the example in FIG. 5, the clutch device 100 in 

this embodiment is restricted from transitioning the friction 
ring 132 to the disengaged position (FIG. 3) because the 
clutch shut-off system 150 self-activated in response to the 
friction ring wearing down below a threshold thickness. In 
this example, the friction ring 132 has worn below predeter 
mined level, so the interior surface 151 of the mounting plate 
142 contacts with the seal member 156, which in this embodi 
ment comprises an o-ring seal partially protruding from the 
front axial face of the second spline member 164. When in 
abutment with the interior surface 151, the seal member 156 
fluidly isolates the outer portion 184 of the chamber 180 from 
the fluid channel 182. In this position, when fluid pressure is 
applied through the fluid channel 182, the pressurized fluid 
acts upon only the inner portion 186 of the chamber 180 (e.g., 
the circular area of the interior surface 151 that is inside the 
diameter of the seal member 156). However, the seal member 
156 blocks the pressurized fluid from acting upon the outer 
portion 184 of the chamber 180 (e.g., the portion that is 
radially outward of the seal member 156). As such, the pres 
surized fluid is only able to exert pressure on a smaller area of 
the piston portion 140 (e.g., the circular area inside the diam 
eter of the seal member 156 as shown in FIG.5) as compared 
to the larger exposed area of the piston portion 140 (along 
both surfaces 151 and 152 as shown in FIG. 3) when the 
clutch shut-off system 150 is not activated. 

Because the clutch shut-off system 150 in this embodiment 
limits the amount of exposed area for the pressurized fluid, a 
smaller axial force is imparted from the pressurized fluid to 
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the piston portion 140 (refer to FIG. 5) than in the configura 
tion where the fluid can access the entire chamber 180 (refer 
to FIG. 3). In this embodiment, the force imparted by the 
pressurized fluid on the Smaller area 186 is not great enough 
to overcome the force bias of the spring 170. As such, even 
when fluid pressure is applied to disengage the clutch device 
100, the clutch shut-off system 150 prevents the clutch device 
100 from responding such that the friction ring does not 
transition away from the engaged position to the disengaged 
position. 

In some embodiments, the clutch device 100 can be con 
figured such that a user can become aware that the friction 
ring 132 has worn below the threshold thickness level without 
the need for a visual inspection. For example, in the embodi 
ment previously described in connection with FIG. 5, the 
clutch device 100 will no longer transition the friction ring 
132 from the engaged to the disengaged position. Thus, the 
clutch device 100 remains in the engaged position, causing 
the output portion 130 to remain rotationally coupled to the 
input portion 110. In this condition, the cooling fan device 20 
will continuously rotate with the input portion 110, which 
serves as a notification to the vehicles operator or another user 
that the clutch device 100 is ready for service. Advanta 
geously, however, even when the friction ring 132 of the 
clutch device 100 is worn down below the threshold level, the 
fan device 20 will continue to cause a cooling flow of air 
allowing the vehicle's engine and radiator. Thus, the vehicle 
operator can continue to operate the vehicle without fear of 
overheating and without the need to immediately cease 
vehicle operation to apply “come home' bolts or other inter 
vention to the clutch device 100. When it is convenient for the 
vehicle operator, the vehicle can be taken to a service station 
for inspection of the clutch device 100, replacement of the 
friction ring 132, and the like. 

It should be understood from the description herein that the 
drive member may have a configuration other than the drive 
pulley 30 shown. For example, the drive member may be a 
shaft or gear that is urged to rotate by the engine (via a direct 
or indirect coupling). In Such embodiments, the input ring 
112 or other component of the input portion 110 can have a 
mounting configuration to removably attach to that particular 
drive source or may have an adapter member connected ther 
ebetween. 

In yet another embodiment, the friction ring 132 may be 
mounted to the input ring 112 or to another component of the 
input portion 110. In these embodiments, the opposing fric 
tion Surface may be arranged on a portion of the piston 140 
(e.g., the spring-engaging member 146, the mounting plate 
142, and the like) or otherwise coupled to the output portion 
130. As such, the piston 140 can be actuated to cause the 
friction ring 132 to be selectively engaged or disengaged with 
the opposing friction Surface. 
A number of embodiments of the invention have been 

described. Nevertheless, it will be understood that various 
modifications may be made without departing from the spirit 
and scope of the invention. Accordingly, other embodiments 
are within the scope of the following claims. 
What is claimed is: 
1. A fan clutch device to be removably mounted to a drive 

pulley, the fan clutch device comprising: 
an input portion that rotates with a drive pulley when the 

fan clutch device is mounted to the drive pulley; 
an output portion for receiving a fan blade device and 

having a friction ring that reciprocates in an axial direc 
tion relative to the input portion between an engaged 
position in which the friction ring frictionally engages 
with an opposing Surface of the input portion to drive the 
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14 
output portion to rotate with the input portion and a 
disengaged position in which the friction ring is spaced 
apart from the opposing Surface of the input portion; and 

a self-activating, clutch shut-off system that causes con 
tinuous friction engagement between the friction ring 
and the opposing Surface of the input portion in response 
to the friction ring wearing down below a threshold 
thickness. 

2. The device of claim 1, wherein the self-activating, clutch 
shut-off system prevents movement of the friction ring from 
the engaged position to the disengaged position in response to 
the friction ring wearing down below the threshold thickness. 

3. The device of claim 2, wherein the self-activating, clutch 
shut-off system is housed in the output portion and comprises 
at least two elements. 

4. The device of claim3, wherein the clutch shut-off system 
is self-activating in that the two elements engage one another 
only when the friction ring is worn down below the threshold 
thickness, wherein the friction ring is prevented from moving 
from the engaged position to the disengaged position when 
the two elements engage one another. 

5. The device of claim 4, wherein the two components of 
the self-activating, clutch shut-off system comprise a seal 
member and an interior Surface of a fluid-receiving space, 
wherein the seal member engages the interior Surface of the 
fluid-receiving space to form a fluid seal only when the fric 
tion ring is worn down below the threshold thickness. 

6. The device of claim 5, wherein when the seal member 
sealingly engages the interior Surface of the fluid-receiving 
space, a surface area of the fluid-receiving space that is 
exposed to pressurized fluid is substantially reduced, thereby 
preventing the pressurized fluid in the fluid-receiving space 
from causing the friction ring to move from the engaged 
position to the disengaged position. 

7. The device of claim 1, wherein the self-activating, clutch 
shut-off system prevents movement of the friction ring to the 
disengaged position in response to the friction ring wearing 
down below the threshold thickness and without external 
controls. 

8. The device of claim 1, wherein the output portion com 
prises: 

a hub portion that, when the fan clutch device is mounted to 
the drive pulley, is selectively movable relative to the 
drive pulley; and 

a piston portion adjustable in the axial direction relative to 
the drive pulley when the fan clutch device is mounted to 
the drive pulley, the piston portion being axially adjust 
able so as to shift the friction ring between the engaged 
position and the disengaged position; 

a fluid-receiving space being at least partially defined by a 
Surface of the piston portion, the fluid-receiving space 
being configured to receive pressurized fluid to urge the 
friction ring to the disengaged position; and 

at least one spring device to that biases the friction ring to 
the engaged position. 

9. The device of claim 8, wherein the friction ring is a 
frusto-conical clutch ring that is arranged radially outward of 
the output portion. 

10. A fan clutch system, comprising: 
a drive pulley that rotates about a rotational axis; 
a clutch device removably mounted to the drive pulley, the 

clutch device comprising: 
an input portion that rotates with a drive pulley; 
an output portion having a friction ring that reciprocates 

in an axial direction relative to the input portion 
between an engaged position in which the friction 
ring frictionally engages with an opposing Surface of 
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the input portion to drive the output portion to rotate 
with the input portion and a disengaged position in 
which the friction ring is spaced apart from the oppos 
ing Surface of the input portion; and 

an internal mechanical shut-off system that is housed in 
the output portion and that is automatically activated, 
in response to the friction ring wearing down below a 
selected level, to prevent movement of the friction 
ring from the engaged position to the disengaged 
position; 

a fan blade device mounted to the output portion of the 
clutch device so as to rotate when the friction ring is in 
the engaged position. 

11. The system of claim 10, wherein the internal mechani 
cal shut-off system causes continuous friction engagement 
between the friction ring and the opposing Surface of the input 
portion in response to the friction ring wearing down below 
the selected level. 

12. The system of claim 11, wherein the internal mechani 
cal shut-off system comprises at least two elements, and the 
internal mechanical shut-off system is self-activating in that 
the two elements engage one another only when the friction 
ring is worn down below the selected level, wherein the 
friction ring is prevented from moving from the engaged 
position to the disengaged position when the two elements 
engage one another. 

13. The system of claim 12, wherein the two components of 
the internal mechanical shut-off system comprise a seal mem 
ber and a surface of a fluid-receiving space, wherein the seal 
member engages the surface of the fluid-receiving space to 
form a fluid seal only when the friction ring is worn down 
below the selected level, and wherein when the seal member 
sealingly engages the Surface of the fluid-receiving space, a 
Surface area of the fluid-receiving space that is exposed to 
pressurized fluid is substantially reduced such that the pres 
surized fluid in the fluid-receiving space is hindered from 
causing the friction ring to move from the engaged position to 
the disengaged position. 

14. The system of claim 10, wherein the output portion of 
the clutch device comprises: 

a hub portion that is selectively movable relative to the 
drive pulley; and 

a piston portion adjustable in the axial direction relative to 
the drive pulley so as to shift the friction ring between the 
engaged position and the disengaged position; 

a fluid-receiving space being at least partially defined by a 
Surface of the piston portion, the fluid-receiving space 
being configured to receive pressurized fluid to urge the 
friction ring to the disengaged position; and 

at least one spring device to that biases the friction ring to 
the engaged position. 
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15. The system of claim 14, wherein the friction ring is a 

frusto-conical clutch ring that is arranged radially outward of 
the output portion. 

16. A method of operating a fan clutch device that is remov 
ably mounted to a drive pulley, the method comprising: 

rotating an input portion of a fan clutch device with a drive 
pulley; 

reciprocating a friction ring of an output portion of the fan 
clutch device in an axial direction between an engaged 
position and a disengaged position, wherein when the 
friction ring is in the engaged position, the friction ring 
frictionally engages with an opposing Surface of the 
input portion to drive the output portion to rotate with the 
input portion, and wherein when the friction ring is in the 
disengaged position, the friction ring is spaced apart 
from the opposing Surface of the input portion; and 

in response to the friction ring wearing down below a 
threshold thickness, automatically shutting off the fan 
clutch device without user intervention while the friction 
ring is in the engaged position Such that friction ring is 
hindered from moving to the disengaged position. 

17. The method of claim 16, wherein the step of automati 
cally shutting off the fan clutch device comprises causing an 
internal mechanical shut-off system to self-activate in 
response to the friction ring wearing down below the thresh 
old thickness, wherein the internal mechanical shut-off sys 
tem is housed within the output portion of the fan clutch 
device and causes continuous friction engagement between 
the friction ring and the opposing Surface of the input portion 
in response to the friction ring wearing down below the 
threshold thickness. 

18. The method of claim 17, wherein the step of automati 
cally shutting off the fan clutch device comprises causing at 
least two elements of the internal mechanical shut-off system 
to engage one another only when the friction ring is worn 
down below the threshold thickness, wherein the friction ring 
is prevented from moving from the engaged position to the 
disengaged position when the two elements engage one 
another. 

19. The method of claim 18, wherein the two components 
of the internal mechanical shut-off system comprise a seal 
member and a surface of a fluid-receiving space, wherein the 
seal member engages the Surface of the fluid-receiving space 
to form a fluid seal only when the friction ring is worn down 
below the threshold thickness. 

20. The method of claim 19, wherein when the seal mem 
ber sealingly engages the Surface of the fluid-receiving space, 
a Surface area of the fluid-receiving space that is exposed to 
pressurized fluid is substantially reduced such that the pres 
surized fluid in the fluid-receiving space is hindered from 
causing the friction ring to move from the engaged position to 
the disengaged position. 
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